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tomy with two vascular surgeons at a tertiary care center.
These retrojugular approach results were compared with
the results of a retrospective continuous cohort of patients
who underwent operation with the antejugular technique.
Preoperative, intraoperative, postoperative, and follow-up
variables were collected for all the carotid endarterec-
tomies and were entered in a specifically designed data-
base. In the retrojugular group, cranial nerve function was
evaluated clinically by an independent neurologist who
was not involved in the study. Indirect laryngoscopy was
not used. In the retrospective group, neurologic outcomes
were assessed with chart review.
Surgical technique. The positioning of the patient
and the skin incision is similar to that used in the ante-
jugular approach. Dissection is performed along the ante-
rior border of the sternocleidomastoid muscle, which is
retracted laterally, and behind the internal jugular vein
(IJV), which is retracted medially (Fig 1,A). No branches
arise from the lateral aspect of the IJV. After mobilization
of the IJV anteriorly and medially, one or two strands of
nervous fibers often need to be divided. These fibers orig-
inate from the ventral rami of the first and second cervical
nerves and join to form the lower root of the ansa cervi-
calis. The vagus nerve is left lateral and posterior. The
internal carotid artery (ICA) lies in a more anterior and
superficial plane as compared with the position in the
antejugular technique (Fig 1,B,C). If a high dissection of
the ICA is necessary, the IJV is retracted medially and cra-
niad with two small right-angle blades of a self-retaining
retractor. The division of the sternocleidomastoid artery is
not necessary. The hypoglossal nerve is identified behind
the jugular vein and may be retracted anteriorly and medi-
ally with a vessel loop. The vagus nerve remains posterior,
and the ICA is found in the groove between the vagus and
Carotid endarterectomy is one of the most common
vascular procedures. The North American Symptomatic
Carotid Endarterectomy Trial and the European Carotid
Surgery Trial results have shown a reduction in major dis-
ability from stroke in patients who are symptomatic with
>50% stenosis,1,2 and the Asymptomatic Carotid
Atherosclerosis Study trial results have shown a small but
statistically significant beneficial effect in patients who are
asymptomatic with >60% stenosis. The benefits of surgery
increase as the incidence of complications decreases.
Controversial issues include type of anesthesia, patch clo-
sure, type of patch, and use of shunts.3-6 Cranial nerve
injuries complicate 5% to 7% of carotid endarterectomies
and wound hematomas complicate 5%.1,7-9
Carotid endarterectomy is conventionally performed
though an approach medial and anterior to the jugular
vein. This approach requires the division of the tributaries
of the jugular vein, the mobilization of the ansa cervicalis,
and the dissection of the hypoglossal nerve. We examined
the effectiveness and safety of a retrojugular approach as
an alternative technique for carotid endarterectomy. 
MATERIAL AND METHODS
Type of study. This is a prospective cohort study of
consecutive patients who underwent carotid endarterec-
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The purpose of this study was the examination of the feasibility of the retrojugular approach for carotid endarterec-
tomy and the investigation of its safety and effectiveness. A consecutive prospective cohort of 43 patients who under-
went carotid endarterectomy with the retrojugular approach was compared with a retrospective cohort of 43 patients
who underwent surgery with the standard antejugular technique. Age, sex, comorbidity, diagnostic investigations, and
indications for surgery were comparable in both groups. In the retrojugular group, a carotid shunt was used in 18
patients (42%) and a patch closure in 15 patients (35%), and in the antejugular group, a carotid shunt was used in 43
patients (100%) and a patch closure in 20 patients (47%). There were no perioperative deaths, strokes, nerve injuries,
or 30-day postoperative neurologic events. Wound hematomas were equally distributed in both groups (5%). Transient
hoarseness was present in two patients in the antejugular group. The mean operative time was 72 ± 15 minutes for the
retrojugular technique and 100 ± 27 for the antejugular technique (P < .0001). The hospital stay was 2 ± 1 days in
both groups. In conclusion, the retrojugular approach appears to be safe and the operative time may be shorter than
with the antejugular approach.
(J Vasc Surg 2002;35:737-40.)
the hypoglossal nerves, which at this level appear to have
a parallel course. In a more craniad position, behind the
posterior belly of the digastric muscle, the hypoglossal
nerve intersects the vagus, which lies posteriorly (Fig 2).
Dissection up to this level is rarely necessary, but if it is, it
may be accomplished with the separation of these two ner-
vous structures. Carotid endarterectomy is performed in
the usual manner after the intravenous administration of
heparin (Fig 1,C). The use of patch closure or shunt was
left to the preference of the surgeon involved in the study.
Dextran 40 (100-mL bolus in 20 minutes) is administered
at the beginning of surgery and is continued at 20 mL/h
for a total of 500 mL. Aspirin therapy is not usually dis-
continued before surgery. Heparin (100 U/kg) is admin-
istered before the clamping of the carotid artery, and it is
not reversed at the end of the procedure. 
Statistical analysis. The data were analyzed with
GraphPad Instat 3.01 (GraphPad Software, San Diego,
Calif). The Fisher exact test was used for nominal vari-
ables, and the two-tailed t test was used for continuous
variables. Multivariate analysis was conducted with the sta-
tistical software SPSS, version 9 (SPSS Inc, Chicago, Ill).
A P value of .05 or less was considered significant. All
means are reported with standard deviation.
RESULTS
From September 1999 to July 2000, 43 carotid
endarterectomies were performed with a retrojugular
approach: 24 (56%) on the left, and one (2%) for sympto-
matic recurrent stenosis. From November 1998 to August
1999, 43 patients underwent carotid endarterectomy with
the antejugular technique: 24 (56%) on the left, and three
(7%) for symptomatic recurrent stenosis.
The demographics, indications for surgery, and diag-
nostic investigations in the two groups were similar
(Table I). The mean age was 73 ± 6 years in the retro-
jugular group and 69 ± 5 years in the antejugular group.
All the patients underwent surgery for stenosis of ≥70%,
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Fig 1. Right carotid endarterectomy. A, Internal jugular vein appears located above to common carotid artery and vagus
nerve. B, Common, internal, and external carotid arteries are exposed, and internal jugular vein is extracted medially
behind retractor. C, Endarterectomy is completed with use of shunt. 1, Internal jugular vein; 2, common carotid artery;
3, internal carotid artery; 4, external carotid artery; 5, vagus nerve; 6, carotid shunt.
A
CB
which was confirmed with angiography or duplex scan-
ning. In the antejugular group, a shunt was used in all the
cases and a patch in 20 cases (47%). In the retrojugular
group, a shunt was used in 18 cases (42%) and a patch in
15 cases (35%). Local-regional anesthesia was used in 20
patients (46%) in the retrojugular group only.
There were no perioperative deaths, strokes, nerve
injuries, or 30-day postoperative neurologic events.
Wound hematomas were equally distributed in both
groups (5%; Table II). The operative times for the retro-
jugular and antejugular approaches were 72 ± 15 minutes
and 100 ± 27 minutes, respectively (P < .0001). There was
no difference in hospital stay (2 ± 1 days). 
DISCUSSION
A number of cranial and peripheral nerves may be
injured during carotid endarterectomy. The vagus, the
hypoglossal, and the mandibular branch of the facial nerve
are those at greatest risk.10 The mechanism of injury is
usually traction rather than division.10-15 In the retrojugu-
lar approach, the vagus nerve must be carefully protected
because it appears in a more superficial plane than does the
carotid artery. With the antejugular approach, the vagus
nerve lies posteriorly to the vessels, and with craniad dis-
section of the carotid artery, the external carotid artery is
encountered in a plane superficial to the ICA. With the
retrojugular approach, however, the ICA is the first
branch encountered during craniad dissection and the
external branch appears in a medial plane. Because of this
difference in surgical anatomy, a high exposure of the ICA
with the retrojugular approach does not usually require
mobilization of the hypoglossal nerve. If this is necessary,
it can be accomplished without division of the sterno-
cleiodomastoid artery. Furthermore, the carotid artery can
be exposed without division of any major branch of the
jugular vein. Lymphatic structures are also avoided. These
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anatomic considerations motivated us to explore the feasi-
bility of this approach. The finding of shorter operative
time may be related to the simplicity of the anatomic dis-
section, described previously, although confounding fac-
tors (use of shunt, patch, the learning effect observed with
a new technique, and the nonrandomized study design)
limit the interpretation of this finding. For the examina-
tion of these issues, we compared operative time for cases
performed with and without shunt and for cases with and
without patch, limiting our analysis in each case to the
retrojugular group. These results suggested that the use of
shunt increased operative time by 17 ± 9 minutes (P =
.001) and that the use of patch increased operative time by
26 ± 7 minutes (P < .001). However, in multivariate analy-





Sex (male) 31 (72%) 29 (67%)
Smoke 17 (40%) 24 (56%)
Coronary heart disease 27 (63%) 24 (56%)
Hypertension 25 (58%) 22 (51%)
Diabetes 13 (30%) 15 (35%)
Left side 24 (56%) 24 (56%)
Redo 1 (2%) 3 (7%)
Investigations
Angiogram alone 3 (7%) 0
Duplex scan alone 14 (33%) 13 (30%)
Angiogram/duplex scan 26 (61%) 30 (70%)
Indications
Asymptomatic 4 (9%) 1 (2%)
Amaurosis fugax 6 (14%) 5 (11%)
Transient ischemic attack 28 (65%) 32 (74%)
Stroke 5 (11%) 5 (11%)





General anesthesia 23 (54%) 43 (100%)
Regional anesthesia 20 (46%) 0
Shunt 18 (42%) 43 (100%)
Patch 15 (35%) 20 (47%)
Results
Perioperative stroke 0 0
Hematoma 2 (5%) 2 (5%)
Hoarseness (nerve injury) 0 2 (5%)
Late death or stroke (30 days) 0 0
Fig 2. Anatomy of nervous and vascular structures encountered
with retrojugular approach to carotid artery. 1, Sternocleidomastoid
muscle; 2, internal jugular vein; 3, common carotid artery; 4,
vagus nerve; 5, external carotid artery; 6, internal carotid artery;
7, hypoglossal nerve; 8, sternocleidomastoid artery; 9, upper root
of ansa cervicalis; 10, lower root of ansa cervicalis.
sis adjusted for the use of shunt and the use of patch, the
reduction in operative time with the retrojugular tech-
nique was 31 ± 10 minutes (P < .001), which was similar
to the unadjusted estimate. This finding suggests that the
effect of technique on operative time may be independent
of these other variables. It is unlikely that the overall expe-
rience of the team increased greatly over the course of the
study, which was of short duration, compared with the
previous experience of the two surgeons involved. Because
the operative time reported was the interval between inci-
sion and closure, we do not believe that the use of locore-
gional anesthesia in the retrojugular group could account
for the shorter operative time. A theoretic advantage of
the retrojugular approach may be in patients with recur-
rent stenosis after previous carotid endarterectomy,
because no venous branches need to be divided and the
dissection occurs in a nonscarred surgical plane (provided
the initial surgery was performed with an antejugular tech-
nique). A drawback of the retrojugular approach is appar-
ent when a high dissection of the ICA, behind the
posterior belly of the digastric muscle, is necessary. At this
level, the crossing of the hypoglossal and vagus nerve
requires careful dissection to avoid nerve injury.
The technique appears to be safe. There were no neu-
rologic injuries in either group. The absence of data from
routine laryngoscopy is a limitation of the study, but neu-
rologic data were prospectively and consistently collected
during the retrojugular period and no clinically important
injuries to the vagus nerve occurred.
CONCLUSION
The retrojugular approach is a safe alternative to the
conventional antejugular technique. We believe it is a use-
ful addition to the armamentarium of the vascular sur-
geon, and the operative time may be shorter than with the
conventional approach.
We thank Dr Catherine Clase for contributing to the
revision of the manuscript.
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